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Introduction

@ Radiopharmaceuticals

o M4 Compounds Widely Used

@ Chemistry Not Widely Understood

@ Low Concentrations

@ Difficulty in Crystalizing Compounds
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MRCAT Beamline, Sector 10ID-B, Advanced Photon Source

Monochromic
X-ray beam

Storage ring
Hutch A

Insertion device(ID)

<

Experimental Hutch B

Transmitted Intensity
Monitor, Mix Ar, N,, He

Cryogenic Si-111
double-crystal monochromator

Incident Intensity Harmonic Rejection Mirror
Monitor, Mix Ar, N,, He

13-element Ge
Detector

_ T

Defining slits

Feedback

Calibration foil

Ken Reference Monitor,
Air Scatter, PIN Diode




EXAFS Equation
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XAS Experimental

@ Handling
Radioactive
Material
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Near Edge
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Cluster Feff
Calculations

@ Feff 8.2 is a program designed to calculate
the X-ray absorption spectrum of a system
from 1st principles.

@ Tt uses the Local Density Approximation
method of Density Functional Theory to
calculate self-consistent potentials that it
uses to model electron scattering in a
material.



Feff Calculations

@ We must make assumptions about our
system in order to model it with Feff

@ One assumption that we must make is the
position of the counterion. We do not know
the exact locations of the atoms in the big
organic counterions used in these materials.

@ We essentially have to perform multiple
calculations with various counterion
positions.

@ Very time consuming.
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Oxidation State

@ The Tc K-edge positions did not correlate with
oxidation state.

@ Strong final state effects were observed.

@ Major rearrangement of e-'s due to the creation of
the photoelectron.

@ Theoretical modeling of the observed XAS spectra is
necessary to determine speciation.



Unfamiliarity

@ We needed to prove that EXAFS works with
Tc.

@ Plenty of literature examples

® Government three letter agencies, Oh
Well



TcCI6 EXAFS
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TcCl, EXAFS
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@ The Tc-Cl bond distance
was determined to be 2.36
+0.02 A.

@ The Coordination # was
determined to be 6 + 1
atom.




TcC)CI4 EXAFS

TcOCl, k x(k)
Tc K-edge
—— DATA
— FIT
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TcC)CI4 EXAFS
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TCOC|4 EXAFS

@ The Tc-Cl bond
distance was 2.33 +
0.02 A.

@ The Tc-O bond
distance was 1.65 +
0.02 A.

@ The Coordination was
determined to be 1 +
0.5 O atoms and 3.7 + 1
Cl Atoms.




TcNCI4 EXAFS

TeNCl, k x(k)
Tc K-edge
— DATA
— FIT




TCNCI4 EXAFS
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TCNC|4 EXAFS

@ The Tc-Cl bond
distance was 2.35 +
0.02 A.

@ The Tc-N bond
distance was 1.59 +
0.02 A.

@ The Coordination was
determined to be 0.9 +
0.5 O atoms and 3.8 + 1
Cl Atoms.




Tc DTPA

Diethylenetriaminepentaacetic acid




TcDTPA EXAFS
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TcDTPA EXAFS




TcDTPA EXAFS
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Small Quantities

@ Measured XAS Signal from 80 ng of
TcDTPA.

@ The Tc was eluted from a standard kit.

@ We will be able to determine local structure
from this quantity of material.



Conclusions

@ Readily Handle Radioactive Materials

@ Determine Tc Local Structures

@ Need Theory to Understand Speciation

@ Need Only ~50 ng of Material For Analysis
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